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Biosurfactant producing Pseudomonas stutzeri strain L1 was isolated from a marine fishing port in Mumbai. Biosurfactant 
production by the strain was tested using crude substrates like de-oiled cakes of soybean, sunflower and coconut; fish waste, shrimp 
shell waste, sugarcane and mosambi waste. The isolate exhibited emulsification activity in most of the substrates with the highest in 
shrimp shell waste. Nutritional and environmental parameters for maximum biosurfactant production were optimized by changing 
one variable at a time. Biosurfactant was recovered by acid precipitation. About 4 to 6 g/l biosurfactant could be obtained in the 
optimized medium which showed emulsification index of 65 % and surface tension reduction upto 40 dynes/cm.  
[Keywords: Shrimp shell waste; Biosurfactant; P. stutzeri; Emulsification; Oil pollution; Waste management]  
Introduction 
Oil pollution has become a persistent problem in the 
oceans world over. Offshore oil wells, under- water 
leakage of oil pipelines, accidents of ships, ballast 
water release, discharge of industrial and municipal 
wastewaters, diesel pump and ship cleaning activities, 
loading and unloading activities at port and natural 
seeps are the various causes of marine oil pollution1. 
The oil forms a thin film or slick on the water surface 
and affects the marine flora, fauna and human 
beings2,3,4. It also damages boats, fishing gears, port 
installations and greatly diminishes the value of shores 
and heritage sites as recreational resources. If not 
treated, crude oil spills would require a very long 
period of time to naturally biodegrade; it nearly takes 
about 22 years for complete biodegradation of 1 kg of 
crude oil by natural processes5. Many methods are 
being used to remove oil from water including physical 
removal by booms, skimmers and sorbents; chemical 
methods like use of gelling agents and dispersants and 
biological methods like fertilization, seeding with 
different bacteria and applications of biosurfactants6. 
All these methods have their own advantages and 
disadvantages. Dispersants contain chemical 
surfactants which are highly toxic to aquatic flora and 
fauna. Biosurfactants are structurally diverse group of 
surface active amphiphilic compounds produced by 
different microorganisms and have wide applications in 
control of oil pollution. They beat chemical surfactants 
in specificity, low toxicity, high biodegradability, 
effectiveness at extremes of temperature, pH, salinity 
and widespread applicability7. They assist in 
emulsification and degradation of oily waste and can 
be used in control of oil pollution. (Fig.1) But their 
high cost of production, which is 3-10 times more than 
the chemical surfactants; low yield and difficulties in 
downstream processing limit their commercial 
production8,9. Many low cost substrates have been 
recently reviewed by different researchers for 
biosurfactant production8,9,10,11,12. Animal fat, molasses, 
starch industry waste, olive oil mill effluent, agro based 
products like wheat bran, rice bran and soap stock, 
 
Fig. 1 — Environmental applications of biosurfactants 
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dairy industry waste are some of the crude substrates 
that have been used to reduce the production cost.  
In this work, various deoiled cakes, fruit juice 
wastes, fresh fish waste and shrimp shell waste were 
tested for biosurfactant production.  
To compete with synthetic surfactants, it is also 
necessary to have an effective microorganism for 
biosurfactant production. Since majority of applications 
are in marine ecosystem, it is thought that biosurfactants 
from marine bacteria would be more effective. 
Moreover, marine microbes have some novel structural 
and functional properties. Several high molecular weight 
polymer and glycolipid type biosurfactant and 
bioemulsifiers are produced by marine microbes and 
have important potential application in different 
industries13. Many marine bacteria have been explored 
for production of surface active molecules of 
biosurfactant and bioemulsifier e.g. Acinetobacter, 
Arthrobacter, Pseudomonas, Myroides. Halomonas, 
Alcanivorax, Rhodococcus and Halomonas. Marine 
ecosystems therefore provide an excellent opportunity 
to select potent microorganisms. In this study, 
biosurfactant producing marine bacteria were isolated 
from various sites in and around Mumbai harbour and 
the selected strain was further studied for utilization of 
various crude substrates for biosurfactant production.  
 
Materials and Methods  
Marine water samples were obtained from 12 
different sites in and around Mumbai including salt 
pans, oil refineries, oil spill areas, mangroves and 
shipping harbour. Samples were collected aseptically 
and were inoculated in 100 ml Artificial Sea Water 
(ASW) medium14 with 2% (v/v) engine oil as 
hydrocarbon substrate at pH 7.2 + 0.2. The samples 
were incubated at 30 °C temperature with agitation of 
90-100 rpm. Two to three sequential transfers were 
given for each sample within a period of 30 days. 
After enrichment, the isolates were obtained on 
nutrient agar plates.  
Various qualitative tests like oil displacement test15, 
drop collapse assay16, emulsification index (E- 24)17,18, 
hemolytic activity19,20, Blue agar plate method21 were 
used for detection of biosurfactant producing isolates. 
Un-inoculated medium was used as negative control 
and 1% SDS as the positive control.  
Surface tension was determined by ring method 
using Du Nouy ring tensiometer (K6, Komal 
Scientific, India). The test was carried out at room 
temperature on cell free supernatant of the culture 
obtained after centrifuging the culture broth at 8000 
rpm for 20 minutes. Distilled water and 0.1% (w/v) 
SDS solutions were used as negative and positive 
controls respectively. 
 The isolate L1 was subjected to Gram staining and 
biochemical tests such as catalase, oxidase, indole, 
methyl red test, Voges Prauskeur test and citrate 
utilization as described in Bergey’s Manual of 
Determinative Bacteriology22. Further identification 
was carried out by 16s rDNA sequencing. DNA was 
isolated by using InstaGene TM Matrix Genomic DNA 
isolation kit. PCR was performed using MJ Research 
TC -225 Peltier Thermal Cycler. 1 µl DNA extract was 
added in a total volume of 20 µl PCR reaction solution. 
The PCR was conducted using primers 27F and 1492R. 
PCR program consisted thirty five cycles of 
amplification including denaturation at 94 C for 45 
sec, annealing at 55 C for 60 sec and extension at  
72 C for 60 sec. The PCR product was purified by 
using Montage PCR clean up kit (Millipore). The 
sample was sequenced using 518F/800R primers. 
Sequencing reactions were performed using an ABI 
PRISM BigDyeTM Terminator Cycle Sequencing kit 
with AmpliTaq DNA polymerase. The sequences were 
analyzed using Sequence Scanner software. BLAST 
was used to find the sequence similarity. The 
programme MUSCLE 3.7 was used for multiple 
sequence alignment. Phylogenetic analysis was carried 
out using hyML 3.0 aLRT.  
 Different crude substrates were tested for 
biosurfactant production by the isolate. De-oiled cakes 
of soybean, sunflower, coconut (kopra), ground nut and 
fresh fish waste, mosambi (Citrus limetta) waste, 
sugarcane waste and shrimp shell waste were used at 2% 
w/v concentration. All the sources were sun dried and 
powdered in a domestic grinder except fresh fish waste. 
Shrimp shell waste was further tested at concentrations 
ranging 1% - 8% w /v. Biosurfactant production was 
measured in terms of emulsification index.  
For optimization of biosurfactant production, a 
series of experiments were conducted by changing 
one variable at a time, keeping the other factors fixed 
at specific set of conditions. 2 % v/v inoculum of 24 
hrs old freshly grown culture was used in all the 
experiments. Biosurfactant production was measured 
in terms of emulsification index. Whereever 
necessary, uninculated medium was used as the 
negative control and 1% w/v SDS was used as the 
positive control. 
Sugars like lactose, sucrose, fructose, xylose were 
used at 2 % w/v to evaluate the capacity of P. stutzeri to 
produce bios
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collagen, gelatin, chitosan, glucosamine hydrochloride, 
pearl essence, fish food, antioxidants, pigment 
astaxanthin and chitinase enzyme30,31. This is probably 
the first report of biosurfactant production from shrimp 
shell waste. As shrimp shell waste is abundantly 
available in the coastal region and is cheaper than any 
other hydrocarbon substrates, this method of 
biosurfactant production will not only assist municipal 
corporations in management of this waste but it can 
also be used by fish processing industries for waste 
treatment along with some revenue generation and can 
be used as an alternative livelihood method by the 
fishermen community. 
Carbon and nitrogen source are two crucial factors 
for biosurfactant production. Sucrose gave best results 
as shown in Fig. 5 (a). The optimum concentration of 
sucrose was 4% w/v as shown in Fig. 5(b). These 
results support earlier findings of Persson and Molin 
(1987) who showed biosurfactant production by 
Pseudomonas in presence of sucrose32 and Bayoumi et 
al, 2011 and Khopade et al, 2012 who also showed 
good growth and biosurfactant production using 
sucrose as carbon source33,34.  
It is well known that inorganic nitrogen sources give 
better results for biosurfactant production. Fig 6 
shows more emulsification index for inorganic 
nitrogen sources with maximum emulsification with 
ammonium sulphate. Humzah et al, 2013 also 
obtained the similar results for Pseudomonas using 
ammonium sulphate35. All the organic nitrogen 
sources also supported biosurfactant production with 
maximum emulsification with peptone.  
Figure 7(a) shows effect of pH on biosurfactant 
production by Pseudomonas stutzeri, it implies that it 
can grow and produce biosurfactant in limited range 
of pH and its optimum activity is at pH of 7. There are 
many reports on optimal growth of Pseudomonas 
species at pH range of 6 to 7 36. 
With respect to temperature, it was observed that 
the isolate is sensitive to temperature fluctuations and 
  (a) 
 
  (b) 
 
Fig. 5 — (a) Utilization of various sugars on biosurfactant production
(b) effect of sucrose concentration on biosurfactant production  
  Fig. 6 — Effect of various nitrogen sources on biosurfactant production 
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emulsification in magnesium sulphate may be due to 
high amount of MgCl2 already present in the medium. 
It was observed that amino acids were stimulatory and 
showed maximum emulsification with leucine and 
supported earlier observations by Huszczaa and 
Burczykb39 and Dubey40. Amongst the surfactants, 
SDS showed maximum activity as a stimulator. Celik 
et al, 2007 had obtained similar results with Tween-80 
and Triton X-100 which enhanced crude oil 
biodegradation and rhamnolipid production by a 
Pseudomonas stutzeri strain41.  
The biosurfactant was obtained as a yellowish brown 
liquid. About 4 -6 g/l biosurfactant could be produced in 
the optimized medium as against less than 0.1 g/l in 
ASW medium. It showed emulsification index of 65 % 
and could reduce surface tension upto 40 dynes/cm. 
 
Conclusion 
Shrimp shell waste could be used as an efficient 
substrate for production of biosurfactant from 
Pseudomonas stutzeri. The optimum conditions for 
biosurfactant production include 4% shrimp shell waste, 
4% sucrose, 0.4 g/l ammonium sulfate as nitrogen 
source, 2% NaCl, leucine, n-hexadecane and SDS as 
stimulators (1g/l each), pH 7.0, temperature 30 C, 2 % 
v/v inoculum and an incubation period of 5 days. About 
4-6 g/l biosurfactant could be obtained under these 
conditions. The yield can be further increased using 
statistical strategies such as multivariate analysis and 
response surface methodology.  
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